ResearchGate 


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/26267220 


Exposure to exogenous estrogen through intake of commercial milk produced 
from pregnant cows 


Article in Pediatrics International - June 2009 


DOI: 10.1111/j.1442-200X.2009.02890.x - Source: PubMed 


CITATIONS READS 
90 7,048 


3 authors, including: 


Kenji Ohyama 
University of Yamanashi 
97 PUBLICATIONS 1,436 CITATIONS 


SEE PROFILE 


All content following this page was uploaded by Kenji Ohyama on 10 December 2017. 


The user has requested enhancement of the downloaded file. 


Pediatrics International (2010) 52, 33-38 


doi: 10.1111/).1442-200X.2009.02890.x 


Original Article 


Exposure to exogenous estrogen through intake of commercial milk 
produced from pregnant cows 


Kazumi Maruyama, Tomoe Oshima and Kenji Ohyama 


Interdisciplinary Graduate School of Medicine and Engineering, Department of Clinical Nursing and Pediatrics, University 
of Yamanashi, Yamanashi, Japan 


Abstract 


Background: Modern genetically improved dairy cows continue to lactate throughout almost the entire pregnancy. 
Therefore, recent commercial cow’s milk contains large amounts of estrogens and progesterone. With regard to the 
exposure of prepubertal children to exogenous estrogens, the authors are particularly concerned about commercial milk 
produced from pregnant cows. The purpose of the present study was therefore to examine concentrations of serum and 
urine sex hormones after the intake of cow milk. 

Methods: Subjects were seven men, six prepubertal children, and five women. The men and children drank 600 mL/m? 
of cow milk. Urine samples were collected 1 h before the milk intake and four times every hour after intake. In men the 
serum samples were obtained before and 15, 30, 45, 60, 90 and 120 min after milk intake. Women drank 500 mL of cow’s 
milk every night for 21 days beginning on the first day of the second menstruation. In three successive menstrual cycles, 
the day of ovulation was examined using an ovulation checker. 

Results: After the intake of cow milk, serum estrone (E1) and progesterone concentrations significantly increased, and 
serum luteinizing hormone, follicle-stimulating hormone and testosterone significantly decreased in men. Urine con- 
centrations of E1, estradiol, estriol and pregnanediol significantly increased in all adults and children. In four out of five 
women, ovulation occurred during the milk intake, and the timing of ovulation was similar among the three menstrual 
cycles. 

Conclusions: The present data on men and children indicate that estrogens in milk were absorbed, and gonadotropin 
secretion was suppressed, followed by a decrease in testosterone secretion. Sexual maturation of prepubertal children 
could be affected by the ordinary intake of cow milk. 


Key words 


During the 1960s and 1970s, with the worldwide spread of the 
Green Revolution, ' the possibility of year-round global milk pro- 
duction was realized. Modern genetically improved dairy cows, 
such as the Holstein, continue to lactate throughout almost the 
entire pregnancy, extending the milk-producing period to 305 
days per year.” Therefore, recent commercial cow’s milk contains 
large amounts of estrogens and progesterone.” 

A dramatic increase in estrogen-dependent malignant 
diseases, such as ovarian, corpus uteri, breast, testicular and 
prostate cancers has been recognized.** Ganmaa et al. investi- 
gated the incidence and mortality of testicular and prostate 
cancers in relation to dietary practices. Among various food 
items, cow’s milk and cheese had the highest correlation with 
incidence and mortality rate of these cancers.*”? They also 
investigated the correlation between food consumption and 
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incidence rates of breast, ovarian and corpus uteri cancers. The 
intake of milk, meat and cheese was closely correlated with 
those cancers." 

Among the exposure of humans, especially prepubertal chil- 
dren, to exogenous estrogens, we are particularly concerned with 
commercial milk produced from pregnant cows. In Japan, milk is 
produced predominantly by lactating cattle, and approximately 
80% of this milk originates from pregnant cows. In prepubertal 
children there is little secretion of estrogens, and serum 17ß- 
estradiol (E2) concentration is undetectable (<2 pg/mL) in a con- 
ventional enzyme immunoassay.” Therefore, exposure to small 
doses of estrogens may have adverse effects on growth and matu- 
ration in prepubertal children. But because measuring the con- 
centration of estrogens in milk is considerably difficult, 
concentrations reported by several analysts range widely from 
low to extremely high." 

In the present study we examined the concentration of estro- 
gens and progesterone in the serum and urine of young men and 
prepubertal children after the intake of cow’s milk. Moreover, 
we investigated the influence of daily milk intake on the men- 
strual cycles of healthy women. If the milk contains high 


34 K Maruyama et al. 


Table 1 Men: subject characteristics 


Table 3 Women: subject characteristics 


Height Weight Body surface Milk intake Age BMI Menstrual 
(cm) (kg) (m?) (mL) (years) cycle (days) 
1 177 73.0 1.90 1140 1 19 17.7 29-35 
2 174 83.0 1.97 1182 2 19 21.8 25-27 
3 161 66.0 1.69 1014 3 31 21.7 29-35 
4 167 71.4 1.81 1086 4 32 20.3 24-29 
5 162 59.0 1.62 972 5 36 23.4 37-39 
6 175 60.0 1.73 1038 . 
7 178 64.0 1.80 1080 BMI, body mass index. 


concentrations of estrogens and progesterone, the timing of ovu- 
lation may be affected by successive milk intake. 


Methods 


The subjects included healthy young men aged 19-21 years 
(Table 1). All of the men drank a volume of 600 mL/m? (body 
surface) of milk within 10 min. 

Seven prepubertal children were enrolled in the study 
(Table 2). Four of the seven children drank a volume of 
600 mL/m? of milk, but two of them could only drink 61% and 
73% of the milk volume. Another girl could not drink half of the 
volume. Six children except this girl took part in this study. 

Five women who had regular menstruation were included in 
the study (Table 3). Four of the five women had menstrual cycles 
of 28 days, but one woman aged 36 years had a regular cycle of 
36 days. Four of the women did not regularly drink cow’s milk, 
and one woman had a cup of milk every morning. 

The cow’s milk used for the study was commercially available 
cow’s milk containing more than 3.5% fat. 


Procedure 
Men 


Intake of milk and dairy products was prohibited for 3 days prior 
to the study. All of the men drank 600 mL/m? of cow’s milk 
within 10 min. Urine samples were collected 1 h before the milk 
intake and four times every hour after the intake. The volume of 
the urine samples was measured, and they were stored at —20°C 
for 2 days. Subsequently, urine concentrations of estrone (E1), 
E2, estriol (E3) and pregnanediol were measured. Urine excre- 
tion volume of these hormones every hour was calculated as 
follow; Urine excretion volume of hormone (ng or ug/h) = urine 
concentration of hormone (ng or ug/mL) x urine volume (mL/h). 
Urine data are expressed as excretion volume per hour. Serum 


Table 2 Prepubertal children: subject characteristics 


samples were obtained before and 15, 30, 45, 60, 90 and 120 min 
after the milk intake. Serum concentrations of E1, E2, luteinizing 
hormone (LH), follicle-stimulating hormone (FSH) and testoster- 
one were measured. Hormones levels of urine and sera were 
measured at Special Reference Laboratory (Hachioji, Tokyo, 
Japan). Serum E1 levels were measured on radioimmunoassay 
(RIA), and E2, testosterone and progesterone, on electrochemi- 
luminescence immunoassay. Serum LH and FSH levels were 
measured on chemiluminescence immunoassay. Urine estrogens 
(E1, E2, E3) were measured on RIA, and pregnanediol on gas 
chromatography—mass spectroscopy. 


Prepubertal children 


Intake of milk and dairy products was prohibited for 3 days prior 
to the study. Intake of milk volume was 600 mL/m’, but two out 
of the six children could drink only 61% and 73% of the volume 
within 10 min, respectively. In children, serum samples were not 
obtained, and urine samples were collected in a method similar to 
that of the adults, and the concentration of El, E2, E3 and 
pregnanediol was measured. 


Women 


In three successive menstrual cycles, basal body temperature was 
measured, and the day of ovulation was examined on measure- 
ment of urine LH concentrations using an ovulation checker from 
17 days before the expected first day of the next menstruation 
cycle. All of the women drank 500 mL of cow’s milk every night 
for 21 days beginning on the first day of the second menstruation. 
The day of ovulation in the second menstrual cycle during which 
milk was consumed was compared with that of the first and third 
menstrual cycles. 


Statistical analysis 


The data were analyzed using SPSS II (SPSS, Chicago, IL, 
USA). Non-parametric Wilcoxon signed rank tests were 


Age Sex Height Weight Body surface Body surface-based Total milk intake 
Years : Months (cm) (kg) (m?) milk volume (mL) (mL) (%) 
1 8:8 M 127.0 26.0 0.96 580 580 (100) 
2 T3 M 119.8 19.5 0.82 490 490 (100) 
3 8:8 M 125.0 24.0 0.92 550 340 (62) 
4 7:6 F 122.0 22.0 0.92 550 550 (100) 
5 8:8 F 122.2 21.8 0.87 520 520 (100) 
6 9:9. F 129.6 32.6 1.07 640 470 (73) 
7 7:7 F 117.6 19.6 0.81 490 180 (37) 
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Fig. 1 Comparison between basal levels and peak levels of (a) 
serum estrone (E1), (b) estradiol (E2) and (c) progesterone before 
and after intake of cow milk in men (n = 7). 


performed to examine the difference of hormone concentrations 
before and after the intake of milk. P < 0.05 was taken as 
significant. 

Approval for the present study was obtained from the ethics 
committee of the University of Yamanashi School of Medicine. 


Results 
Men 


Serum basal and peak concentrations of E1, E2 and progesterone 
during examination of the milk intake are shown in Figure 1. 
Serum E1 concentration was significantly increased and peaked 
30-60 min after the intake of milk (mean + SE, before and peak: 
102.3 + 10.3 pg/mL and 128.9 + 11.8 pg/mL, P < 0.02). Serum 
E2 concentration was unchanged during the 2h examination 
(before and peak: 31 + 4 pg/mL and 32 + 4 pg/mL, NS). Serum 
progesterone concentration significantly increased and peaked 
30-60 min after the intake of milk (mean + SE, before and peak: 
0.66 + 0.08 ng/mL and 0.75 + 0.10 ng/mL, P < 0.02). 

Serum basal and nadir concentrations of LH, FSH and test- 
osterone before and after milk intake are shown in Figure 2. 
Serum LH and FSH concentration gradually decreased in six out 
of seven men, and reached a nadir 60—120 min after the intake of 
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Fig. 2. Comparison between basal and nadir levels of (a) serum 
luteinizing hormone, (b) follicle-stimulating hormone and (c) test- 
osterone before and after intake of cow milk in men (n = 7). 


milk (before and lowest point: LH, 3.29 + 0.49 mIU/mL and 2.48 
+ 0.43 mIU/mL, P < 0.05; FSH, 3.43 + 0.17 mIU/mL and 3.19 + 
0.15 mIU/mL, P < 0.02). Serum testosterone concentrations 
decreased considerably 120 min after intake in all subjects 
(before and lowest point: 6.04 + 0.38 ng/mL and 4.94 + 0.13 ng/ 
mL, P < 0.02). 

As shown in Figure 3, the volume per hour of urinary excre- 
tion of E1, E2, E3 and pregnanediol significantly increased after 
the intake of milk in all subjects (P < 0.02). Urine E1 excretion 
increased 1 h after intake, and reached a peak 4 h after intake in 
five out of seven men. Urine E2 excretion increased 1 h after the 
intake in six out of seven men. Peak excretion of E2 in urine was 
detected after 1 h in three subjects, and after 4 h in another three 
subjects. Urine E3 excretion also increased after 1 h in six out of 
seven men, and reached peak levels after 4 h in five men. Urine 
preganediol excretion peaked after 1 h in two out of seven men, 
and after 4 h in another four men. 


Prepubertal children 


Changes in urinary excretion volumes of E1, E2, E3 and preg- 
nanediol are shown in Figure 4. Urinary excretion patterns were 
similar among these four hormones. Peak excretion volume of 
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Fig.3 Comparison between basal excretion volumes (basal) and maximum excretion volumes (peak) of (a) urine estrone, (b) estradiol, (c) 
estriol and (d) pregnanediol before and after intake of cow milk in men (n = 7). 
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Fig. 4 Changes in mean urine excretion volume of (a) estrone, (b) estriol, (c) estradiol and (d) pregnanediol after intake of cow milk in 


prepubertal children (mean + SE, n = 6). 


the hormones was detected at 1 h in three children, at 3 h in three 
children, and at 4h in one child. The net increase in volume of 
urine excretion of E2 at 4 h after the intake of milk ranged from 
39 to 109 ng. Urinary basal and peak excretion volumes of E1, 
E2, E3 and pregnanediol before and after milk intake are shown 
in Figure 5. Urinary excretion of these hormones significantly 
increased after intake (P < 0.02). 


Women 


In four out of five women, ovulation occurred during milk intake 
in the second menstrual cycle, and the timing of ovulation was 
similar among the three menstrual cycles. In these four women, 
the third menstruation and ovulation occurred regularly. In one 
woman, however, aged 36 years who had a menstrual cycle of 
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37-39 days, ovulation did not occur during the intake of milk. 
She ovulated 7 days after stopping milk intake. 


Discussion 


Toxicological and epidemiological studies have indicated that E2 
could be categorized as a carcinogen.'* Milk is considered to be 
a rich source of estrogens. Indeed, E2 concentration is higher in 
mammary drainage than in the peripheral circulation in high- 
yielding cows.” Pregnant cows are under the control of relatively 
high levels of estrogens, and milk produced from pregnant cows 
contains correspondingly high concentrations of estrogens. 
Estrogen concentration in milk has been measured since the 
1970s, mainly as an indicator of pregnancy.'*'® Concentration of 
El sulfate increases from 30 pg/mL in non-pregnant cows to 
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Fig. 5 Comparison between basal excretion volumes (basal) and maximum excretion volumes (peak) of (a) urine estrone, (b) estradiol, (c) 
estriol and (d) pregnanediol before and after intake of cow milk in prepubertal children (n = 6). 
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151 pg/mL in pregnant cows at 40-60 days of gestation, and to a 
maximum level of 1000 pg/mL in cows at 220 days of gestation.'® 
Recently, according to Malekinejad et al., the concentration of 
estrogens in cow’s milk under various conditions was measured 
using liquid chromatography—tandem mass spectrometry after 
enzymatic deconjugation.* Their results indicated that processed 
milk with 3.5% fat contains high concentrations of E1 and F2. 
Qin et al. also reported high concentrations of estrogen in preg- 
nant cow’s milk.* Moreover, milk and milk products contain high 
amounts of progesterone, which accumulate with increasing 
milk-fat content.’ 

In the present study in men, concentrations of serum E1 and 
progesterone increased after intake of cow’s milk, concentrations 
of serum LH, FSH and testosterone significantly decreased 2 h 
after intake, and the volume of urine excretion of E1, E2 and E3 
significantly increased. These results suggest that estrogens in 
milk were absorbed, and gonadotropin secretion was suppressed, 
followed by a decrease in testosterone secretion. The activation 
of a negative feedback mechanism due to exogenous estrogens in 
cow’s milk indicates that men are affected by intake of commer- 
cial cow’s milk. Because the main estrogen in milk is El, and E2 
concentration is relatively low compared to E1, serum E2 levels 
do not change for 2 h after the intake, but instead urine excretion 
of E2 significantly increases, suggesting that the conversion from 
E1 to E2 progresses slowly. 

In prepubertal children, excretion volumes of estrogens and 
pregnanediol significantly increased 1-3 h after intake. The net 
increase of E2 excretion from the basal level (E2 in urine before 
the intake) was 39-109 ng/4 h in the present study. 

In prepubertal boys, serum E2 level measured on ultrasensi- 
tive recombinant cell bioassay is 0.08 + 0.2 pg/mL." Based on 
these data, the E2 production rate is 40 ng/day in prepubertal 
boys.’’ The E2 in urine may be equal to or more than the daily E2 
production rate in prepubertal boys. Reliable data on the daily 
production rate of E2 are still lacking in prepubertal children. 
Andersson and Skakkebaek reported that the conventional E2 
production rate, according to the JECFA 1988 report, was pre- 
sumably highly overestimated.'’ Sheehan tested the hypothesis 
that no threshold exists when estradiol acts through the same 
mechanism as an active endogenous estrogen, and he found evi- 
dence that contradicted the threshold assumption and low-dose 
safety.'® Premature thelarche, gynecomastia, and pubertal growth 
spurt occur at very low or undetectable serum E2 levels, suggest- 
ing that prepubertal children are highly sensitive to estrogens.’ 
Serum E2 level (0.6 + 0.6 pg/mL) in prepubertal girls was sig- 
nificantly greater than the level (0.08 + 0.2 pg/mL) in prepubertal 
boys.'° Although this gender difference is extremely small in 
absolute figures, the higher level of E2 in girls may explain their 
earlier pubertal onset and growth spurt. Growth-promoting 
effects of very low doses of estrogen (25 ng/kg per day of ethi- 
nylestradiol) have also been observed in Turner syndrome.” Even 
small changes in serum E2 concentrations within the extremely 
low prepubertal range may, therefore, have significant biological 
implications. The present data on men and children indicate that 
the intake of estrogens from 600 mL/m’ of cow’s milk may 
correspond to the daily estrogen production rate in prepubertal 
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boys, and height growth and sexual maturation of prepubertal 
children could be affected by normal intake of cow’s milk. 

Recent surveys on the timing of pubertal onset show an 
alarming trend of earlier sexual maturation in girls.” Anderson 
etal. reported a drop of approximately 2.5 months in the 
average age of menarche between 1963-1970 and 1988-1994 in 
US girls, and referred the relationship of earlier menarche to 
increased body mass index (BMI).” Several reports concerning 
puberty in girls suggest a positive correlation between the 
timing of breast development or menarche and that of increases 
in BMI.?** Because adipose tissue is a source of estrogens, the 
cause of earlier sexual maturation may not only be a change in 
nutritional status, but also an increase in estrogen secretion from 
adipose tissue. Exposure to exogenous estrogens through intake 
of commercial milk produced from pregnant cows has spread 
around the world since the 1970s. We think that the intake of 
pregnant cow’s milk is one of the major causes of early sexual 
maturation in prepubertal children. 

The menstrual cycle in women is controlled by relatively high 
levels of E2 and progesterone. Commercial milk produced from 
pregnant cows contains not only estrogens but also progesterone.’ 
The prolonged intake of estrogen and progesterone compounds 
may affect the timing of ovulation. We examined the effect of the 
intake of cow’s milk for 21 consecutive days from the start of the 
last menstruation to ovulation. The timing of ovulation in four of 
five women was not affected by the intake of milk. These four 
women were healthy young women, but the fifth woman suffered 
from oligomenorrhea of a 37-39 day cycle. Her ovulation 
occurred 7 days after the discontinuation of milk. These results 
suggest that ovulation in women with subclinical hypogonadism 
might be affected by an abundant intake of milk, although normal 
menstrual cycles are not influenced. 

Since 1985, daily intake of cow’s milk has been extensively 
recommended, especially to prepubertal children in Japan. The 
average age of menarche in girls living in metropolitan Tokyo 
occurred at 12 years 5 months in 1987, and 12 years 3 months in 
1993.*° These findings and the present data indicate that the 
intake of cow’s milk may cause earlier sexual maturation. The 
relationship between estrogens in pregnant cow’s milk and 
sexual maturation in children must be acknowledged as an 
important theme. 
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